Continuum Solid Modeling based FEM Simulation Approach for Single Walled Boron Nitride Nanotube based Biosensing  by Kumar, Saurabh et al.
 Procedia Materials Science  5 ( 2014 )  2 – 10 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).













7KH SUHVHQW SDSHU LQYHVWLJDWHV WKH YLEUDWLRQDO FKDUDFWHULVWLF RI IL[HG IUHH VLQJOH ZDOOHG ERURQ QLWULGH QDQRWXEH ZLWK DWWDFKHG
EDFWHULXPRU YLUXVRQ IUHHHQGWRH[SORUH WKHLUVXLWDELOLW\DVEDFWHULXPRU YLUXVGHWHFWRUGHYLFHRUELRVHQVRU7KHFRQWLQXXP VROLG
PRGHOLQJ EDVHGILQLWHHOHPHQWPHWKRGDSSURDFK KDVEHHQ XVHGWRDQDO\]HWKHYDULRXVPRGHVDQGUHVRQDQWIUHTXHQF\VKLIWFDXVHG
E\EDFWHULXPRU YLUXV RQEHDPWLS 7KHREWDLQHGVLPXODWLRQUHVXOWVKDYHEHHQ FRPSDUHGZLWKDQDO\WLFDO UHVXOWVEDVHGRQIL[HG
IUHHEHDPEHQGLQJPRGHO7REHPRUHSUHFLVH LQ SUHVHQWDQDO\VLV WKHYLEUDWLRQDOFKDUDFWHULVWLFRI IRXU W\SHVRI VLQJOHZDOOHG
ERURQQLWULGHQDQRWXEHV RIGLIIHUHQWOHQJWKVRIVDPH GLDPHWHU KDYHEHHQFRQVLGHUHG7KHGLIIHUHQW W\SHVRIEDFWHULXPRU YLUXV DW
WKH WLSRI WKHIL[HGIUHHVLQJOHZDOOHGERURQQLWULGHQDQRWXEHVKDYHEHHQDQDO\]HGIRU WKHLU UHVRQDQWIUHTXHQF\YDULDWLRQEDVHG
DQDO\VLV 7KH REWDLQHG VLPXODWLRQ UHVXOWV KDYH EHHQ IRXQG LQ VHQVLEOH DJUHHPHQW ZLWK WKH DQDO\WLFDO UHVXOWV 7KH REWDLQHG
VLPXODWLRQ UHVXOWV VXJJHVW WKDW GHWHFWLRQRIWKHEDFWHULXPRU YLUXVKDYLQJPDVVRI[ NJFDQEHHIIHFWLYHO\SHUIRUPHG
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IDFW WKDW FRPSDUHG WR FDUERQ QDQRWXEHV &17V WKH\ SRVVHVV KLJKHU PHFKDQLFDO SURSHUWLHV WKHUPDO VWDELOLW\
HOHFWULFDO LQVXODWLRQDQGR[LGDWLRQUHVLVWDQFHDWKLJKHUWHPSHUDWXUHLQDWPRVSKHUH>/LHWDODQG0RRQHWDO
@%117VDUHH[WUHPHO\WKLQWXEHVZKRVHGLDPHWHULVRUGHURIIHZQDQRPHWHUVKRZHYHUZKRVHOHQJWKPD\EH
PDQ\ WLPHV ODUJHU $V D VWUXFWXUDO DQDORJXH RI &17V LQ QDWXUH LQ %117V DOWHUQDWLQJ % DQG 1 DWRPV HQWLUHO\
VXEVWLWXWHIRU&DWRPVZLWKQHDUO\QRPRGLILFDWLRQLQDWRPLFVSDFLQJ>2EHUOLQHWDODQG,LMLPD@ ,QIDFW
%117VDUH WKHUREXVW OLJKWZHLJKWQDQRPDWHULDOVZLWKD\RXQJ¶VPRGXOXVRI73D>.ULVKQDQHWDO DQG
&KRSUD HW DO @ ,Q UHFHQW \HDUV ELRVHQVRUV KDYH EHHQ LQFUHDVLQJO\ GHPDQGHG LQ ELRORJLFDO VWXGLHV KHDOWK
VFLHQFH UHVHDUFK GUXJGHOLYHU\ DQG FOLQLFDO GLDJQRVLV >'¶2UD]LR 7RWKLOO  DQG -XVWLQR HW DO @
0DVVGHWHFWLRQRIELRPROHFXOHVLVUHFRJQL]HGDVNH\WHFKQRORJ\IRUSUHGLFWLYHDQGSUHYHQWLYHPHGLFLQH3UHGLFWLRQ
RIGLVHDVHLVEDVHGRQVHQVLQJWKHFRUUHVSRQGLQJELRPROHFXOHV &LRIDQLHWDO KDGH[SORUHGWKHXVHRI%117V
LQ QDQRPHGLFLQH ILHOG DQG FRQFOXGHG WKDW EHFDXVH RI FKHPLFDO VWDELOLW\ RI %117V WKH\ DUH PRUH VWDEOH IRU
GHYHORSPHQW RI ELRVHQVLQJ GHYLFHV )XUWKHU &LRIDQL HW DO  UHSRUWHG WKDW %117V KDYH SRWHQWLDO IRU IXWXUH
H[SHULPHQWV WR LQYHVWLJDWH WKHLU XVH DV QDQR PDWHULDOV IRU DFFXUDWH DVVHVVPHQW RI WKHLU ELR FRPSDWLELOLW\ 7KH
SULQFLSOHRIQDQRPHFKDQLFDOELRVHQVRULVEDVHGRQWKHIDFWWKDWUHVRQDQWIUHTXHQF\LVLQFUHGLEO\VHQVLWLYHWRPDVVRI
WKH DGGHGDWWDFKHG ELRPROHFXOH WR WKH VHQVRU V\VWHP 7KH YDULDWLRQ RI DGGHGDWWDFKHGPDVV LQ WHUPV RI GLIIHUHQW
W\SHV RI ELRPROHFXOH WR VHQVRU V\VWHP FDXVHV VKLIW WR WKH UHVRQDQW IUHTXHQF\ .H\ LVVXH RI PDVV GHWHFWLRQ LV LQ
TXDQWLI\LQJWKHVKLIWLQUHVRQDQWIUHTXHQF\EHFDXVHRIPDVVRIFRQQHFWHGELRPROHFXOH
,Q WKHSUHVHQWZRUN WKH IHDVLELOLW\RI VLQJOHZDOOHGERURQQLWULGHQDQRWXEH 6:%117DVELRVHQVRU KDVEHHQ
H[SORUHG FRQVLGHULQJ WKH SRVVLEOH DGVRUSWLRQV RI YDULRXV EDFWHULXP RU YLUXVHV DW WKH WLS RI WKH IL[HG IUHH
FRQILJXUDWLRQRIQDQRWXEH7KHFRQWLQXXPVROLGPRGHOLQJEDVHG ILQLWHHOHPHQW PHWKRG )(0DSSURDFKKDVEHHQ
XVHG WR DQDO\]H WKH UHVRQDQW EHKDYLRU RI IL[HG IUHH 6:%117 ZLWK DGGHG QDQRVFDOH PDVV RI WKH GLIIHUHQW
EDFWHULXPYLUXVHVDWWKHWLS7KH6:%117VRIOHQJWKȝPȝPȝPDQGȝPDUHFRQVLGHUHGIRUWKHSUHVHQW
DQDO\VLV %DVHGRQWKHIDFW WKDWYDULDWLRQRIQDQRWXEHGLDPHWHUGRHVQRWSOD\VLJQLILFDQWUROHLQFKDQJHLQUHVRQDQW
IUHTXHQF\ DQG VPDOOHU WKH QDQR PHFKDQLFDO PDVV VHQVRU PRUH VHQVLWLYLW\ LW RZQV >3DQFKDO HW DO D@ 7KH
GLDPHWHU RI HDFK FRQVLGHUHG 6:%117 LV WDNHQ DV  QP )RU WKH WUDQVPLVVLRQ RI WKH VWUHVVHV RQ DSSOLFDWLRQ RI
H[WHUQDOORDGWKHHTXLOLEULXPEHWZHHQWKHFRQWLQXXPVROLGPRGHODQGUHDODWRPLVWLFPRGHORIWKHQDQRWXEHFDQEH
PDLQWDLQE\FRQVLGHULQJWKHHIIHFWLYHWKLFNQHVVRIWKH6:%117DVQP >3DQFKDOHWDODE@7KH
EHQGLQJ YLEUDWLRQPRGHOLQJ RI WKH IL[HG IUHH 6:%117KDV EHHQ SHUIRUPHG DQG REWDLQHG DQDO\WLFDO UHVXOWV KDYH
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 0DVVUHVRQDQWIUHTXHQF\VKLIWUHODWLRQIRUIL[HGIUHH6:%117EDVHGELRVHQVRU
7KHYDULDWLRQRIDGGHGDWWDFKHGPDVVLQWHUPVRIGLIIHUHQWW\SHVRIEDFWHULXPRUYLUXVHVWRVHQVRUV\VWHPFDXVHV
VKLIW WR WKH UHVRQDQW IUHTXHQF\ 7KH NH\ LVVXH RI PDVV EDVHG GHWHFWLRQ RI FRQVLGHUHG EDFWHULXPYLUXVHV LV LQ
TXDQWLI\LQJ WKHVKLIW LQ UHVRQDQW IUHTXHQF\GXH WRDGGLWLRQDOPDVVRIEDFWHULXPYLUXVHVRQQDQRWXEH7KHUHVRQDQW
IUHTXHQF\VKLIWLVJLYHQE\
'  I I I 












:KHUH(LV <RXQJ¶V PRGXOXV RIHODVWLFLW\,LVPRPHQWRILQHUWLD$LVDUHDDQGȡLVGHQVLW\RIIL[HGIUHHEHDP
 &RQWLQXXP VROLG PRGHOLQJRI6:%117
7KH RYHUDOO UHVRQDQW EHKDYLRXU RI 6:%117 EDVHG ELRVHQVRU V\VWHP KDV EHHQ DQDO\]HG FRQVLGHULQJ WKH
HTXLYDOHQWFRQWLQXXPVROLGPRGHOLQJEDVHG)(0VLPXODWLRQDSSURDFK>6RKOEHUJHWDO DQG /LXHWDO@
3UHVHQW DQDO\VLV FRPELQHV WKH FRQWLQXXP PHFKDQLFV LQ FRQMXQFWLRQ ZLWK )(0 VLPXODWLRQ SDFNDJH $16<6 WR
SHUIRUPWKHYLEUDWLRQDQDO\VLVRI6:%117EDVHGELRVHQVRUV\VWHP7KHUHVRQDQWIUHTXHQF\EDVHGDQDO\VLVKDVEHHQ
SHUIRUPHG FRQVLGHULQJ PRGDO DQDO\VLV RI VLPXODWHG IL[HG IUHH 6:%117 EDVHG ELRVHQVRU V\VWHPV $PRQJ
QDQRWXEHV WKHFRPELQDWLRQRIVWURQJOLQHDUEHQGLQJIRUFHDFWLQJDORQJORQJLWXGLQDOD[LVRIWKHQDQRWXEHUHVXOWVLQ
LQHTXDOLW\EHWZHHQPDJQLWXGHVRILQWHUDWRPLFIRUFHVDQGXOWLPDWHO\HQGVXSLQDQLVRWURSLFUHODWLRQ>3DQFKDOHWDO
D E@ $Q DVVXPSWLRQ LV PDGH IRU 6:%117 ZKLFK VWDWHV WKDW OLQHDU IRUFHV DFWLQJ DORQJ OHQJWK RI
QDQRWXEHV DQG WKHUHE\ FRQVLGHUHG DV WUDQVYHUVHO\ LVRWURSLF PDWHULDO ZKLFK LV LVRWURSLF DERXW RQH D[LV
>$NLQ@7KLVDVVXPSWLRQOHDGVWRWKHFRPSOLDQFHPDWUL[RIWHUPVRIZKLFKDUHLQGHSHQGHQW
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:KHUH 'LM FRUUHVSRQGV WR VWLIIQHVV FRHIILFLHQWV 7KH PDWHULDO SURSHUWLHV RI 6:%117 DUH FRQVLGHUHG DV WKH
HODVWLFPRGXOXVRI േ 73D>&KRSUDHWDO@WUDQVYHUVHPRGXOXVRI*3DDQG3RLVVRQ¶VUDWLRRI
WR HVWLPDWH WKH VWLIIQHVV FRHIILFLHQWV 7KH PDVV GHQVLW\ ȡ KDV EHHQ FRQVLGHUHG DV  NJP >&KRSUD HW DO
3DQFKDOHWDOD DQG 3DQFKDOHWDO@7KHVWLIIQHVVFRHIILFLHQWVDUHWDNHDVSHU$SSHQGL[ $ DVDQ
LQSXWGDWDIRUWKHFRQWLQXXPVROLGPRGHOLQJEDVHGVLPXODWLRQDSSURDFK >3DQFKDOHWDODE@
7KHQDQRVFDOHDWWDFKHGPDVVDW WKHWLSRIIL[HGIUHHQDQRWXEHLQWHUPVRIEDFWHULXPRUYLUXVHV LVVLPXODWHGE\
LQFUHDVLQJ WKH OHQJWK RI WKH QDQRWXEH DW IUHH HQG DV VKRZQ LQ ILJ  7KH DWWDFKHGPDVV KDV EHHQ WDNHQ DV DQ
DGGLWLRQDOOHQJWKRIVDPHGLDPHWHUDQGWKLFNQHVVRI6:%117
7KHLQFUHDVHLQOHQJWK/KDVEHHQFDOFXODWHGDV












EDFWHULXPRUYLUXVHV WKDWDUHDWWDFKHG WR WKH IUHHHQGRI IL[HG IUHH6:%117)RU WKHSUHVHQW UHVRQDQW IUHTXHQF\
EDVHG DQDO\VLV RI 6:%117 EDVHG ELRVHQVRU V\VWHP LQIRUPDWLRQ UHJDUGLQJ WKH PDVVHV RI YDULRXV EDFWHULXP RU
YLUXVHVWREHDWWDFKHGDUHQHHGWREHNQRZQ7KHVHDUHDYDLODEOHLQPRQRJUDSKVRI)UDQNHO&RQUDW *XQVDOXV
DQG6WDLQHU  DQG(OLVKDNRII HWDO 7KHYDULRXVFRQVLGHUHGEDFWHULXPRUYLUXVHVXVHGLQSUHVHQWVWXG\
DUHPHQWLRQHGLQ7DEOH
7DEOH9DULRXVEDFWHULXPRUYLUXVHVXVHGLQVWXG\
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 )XQGDPHQWDOIUHTXHQF\0+]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7KH QDQRWXEHV RI GLIIHUHQW OHQJWK  ȝP  ȝP  ȝP DQG  ȝP DUH FRQVLGHUHG ZLWK HDFK QDQRWXEH
SRVVHVVLQJ GLDPHWHU RI  QP DQG HIIHFWLYH ZDOO WKLFNQHVV RI  QP 7DEOH  VXPPDUL]HV WKH SURSHUWLHV RI
FRQVLGHUHGGLIIHUHQWQDQRWXEHV
)LJXUH  VKRZV WKH DQDO\WLFDO UHVXOWV RI ILUVW WKUHH PRGHV RI YLEUDWLRQV IRU FRQVLGHUHG GLIIHUHQW OHQJWKV RI
QDQRWXEHV7KHDQDO\WLFDOUHVXOWVDUHREWDLQHGFRQVLGHULQJHDFKQDQRWXEHDVLVRWURSLFPDWHULDOZLWKGHQVLW\RI
NJPDQG<RXQJ¶VPRGXOXV73D7KHREWDLQHG UHVXOWV LQGLFDWH WKDW DV OHQJWKRI WKHQDQRWXEH LQFUHDVHV WKH
H[FLWDWLRQUHVRQDQWIUHTXHQF\GHFUHDVHVIRUDOOWKUHHPRGHVRIYLEUDWLRQ
)LJ  )LUVWWKUHHPRGHVRIUHVRQDQWIUHTXHQF\IRUYDULRXV FRQVLGHUHGQDQRWXEHV
)LJ  9DULDWLRQLQUHVRQDQWIUHTXHQF\GXHWRDWWDFKHGEDFWHULXPRUYLUXVHVDWIUHHHQGRIIL[HGIUHH6:%117EDVHGELRVHQVRUV\VWHP RI
GLIIHUHQWFRQVLGHUHGOHQJWKV
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7KH UHVRQDQW IUHTXHQF\YDULDWLRQEDVHGDQDO\VLV LVSHUIRUPHG IRU GLIIHUHQWFRQVLGHUHG OHQJWKV)LJXUH VKRZV
WKH REWDLQHG FRQWLQXXP VROLG PRGHOLQJ EDVHG VLPXODWLRQ UHVXOWV RI UHVRQDQW IUHTXHQF\ YDULDWLRQ GXH WR DWWDFKHG
YDULRXVEDFWHULXPRUYLUXVHVDWIUHHHQGRIIL[HGIUHH6:%1177KHGLIIHUHQFHLQVLPXODWHGUHVXOWV DQGDQDO\WLFDO
UHVXOWV RI UHVRQDQW IUHTXHQF\ YDULDWLRQ EHFDXVH RI YDULRXV EDFWHULXP RU YLUXVHV DWWDFKHG DW IUHH HQG RI IL[HG IUHH
6:%117LVVXPPDUL]HGLQ7DEOHZKLFKLQGLFDWHVWKHSHUFHQWDJHHUURULQVLPXODWHGUHVXOWVDQGDQDO\WLFDOUHVXOWV
,W LV FOHDU IURP 7DEOH  WKDW FRQWLQXXP VROLG PRGHOLQJ EDVHG VLPXODWLRQ UHVXOWV DUH LQ VHQVLEOH DJUHHPHQW ZLWK
DQDO\WLFDO UHVXOWV 7KH YDULDWLRQ LQ SHUFHQWDJH HUURU LQ VLPXODWLRQ UHVXOWV LV LQ UDQJH RI  WR ZLWK FORVH
SUR[LPLW\ZLWK WKH DQDO\WLFDO UHVXOWV IRU WKH FRQVLGHUHG OHQJWKVRI ȝPȝPDQGȝP )RUQDQRWXEHVRI
OHQJWKȝP WKHSHUFHQWDJHHUURUYDU\ LQ WKH UDQJHRI WR:KLFKYDOLGDWHV WKHSUHVHQWHGFRQWLQXXP
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2UWKRP\[RYLULGDHY (    
7RJRYLULGDH6PDOOHVWY (    
3RO\RPDY (    
6WDSKLORFRFFXVY (    
7RJRYLULGDH/DUJHVWY (    
&DOLFLYLULGDHY (    
1XGDXUHOLDY (    
)LJ  9DULDWLRQLQIUHTXHQF\VKLIWǻ I IRU YDULRXVDWWDFKHGFRQVLGHUHGEDFWHULXPRU YLUXVHVDWIUHHHQGRI6:%117RIGLIIHUHQWFRQVLGHUHG
OHQJWKV
)LJXUHVKRZVWKHYDULDWLRQRIIUHTXHQF\VKLIWǻ IEDVHGRQFRQWLQXXPVROLGPRGHOLQJEDVHGVLPXODWLRQDSSURDFK
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IRU WKH DWWDFKHG EDFWHULXP RU YLUXVHV DW WKH WLS RI WKH IL[HG IUHH 6:%117 EDVHG ELRVHQVRU V\VWHP RI GLIIHUHQW








7KH SUHVHQW ZRUN DVVXUHV WKH IHDVLELOLW\ RI 6:%117 EDVHG ELRVHQVRU V\VWHPV IRU WKH SRVVLEOH PDVV EDVHG
GHWHFWLRQ RI WKH FRQVLGHUHG GLIIHUHQW EDFWHULXP RU YLUXVHV 7KH PDVV EDVHG GHWHFWLRQ RI WKH FRQVLGHUHG GLIIHUHQW
EDFWHULXP RU YLUXVHV KDV EHHQ SHUIRUPHG FRQVLGHULQJ UHVRQDQW IUHTXHQF\ EDVHG DQDO\VLV 7KH FRQWLQXXP VROLG
PRGHOLQJ EDVHG VLPXODWLRQ DSSURDFK LV IRXQG WR EH LQ VHQVLEOH DJUHHPHQW ZLWK FRQWLQXXP PHFKDQLFV EDVHG
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